Background: Non-missile penetrating brain injuries are rarely seen in the surgical practice and few international literatures' reported case reports or small case series, and it comprises a small percentage of head trauma cases. We reported a group of 18 cases of penetrating injuries with different tools and various mechanisms. We reported their epidemiological criteria, mechanism of trauma, complications, and their prognosis. Aim: The purpose of this study is to report different patients' criteria and the method of trauma and the prognosis.
Introduction
Traumatic brain injury (TBI) occurs when there is damage in the brain as a result of physical trauma. TBI may be caused by an open or penetrating head injury, where an object (usually sharp) pierces the skull and invades the brain tissue. TBI may be also caused by a closed head injury, in which the skull is intact and is not penetrated. TBI may cause major long-term disability of individuals surviving head injuries [1] . Cranial penetrating head injuries often result in severe brain and central nervous system (CNS) structure injuries [2] . Although penetrating head trauma is less common than closed head trauma, PBI is associated with worse prognosis and higher morbidity and mortality rates. Understanding the mechanisms of injury and aggressive medical management with rapid surgical intervention may lead to improved outcomes [3] . Traumatic brain injuries (TBI) caused by penetrating objects usually affect adolescents and young adult population, who are economically active, thus having a major socioeconomic impact. So, the economic burden includes not only the high cost with direct patient care, but also the potential loss of years of productive life [4] .
Traumatic intracranial penetration of foreign non-missile object rarely occurs. Early mortality may be caused by hemorrhages, major vascular injury, or contusions, while epileptic seizures and infections are among the possible complications in later stages. Complete excision of the foreign object should be done for all patients and any dural and/or vascular injuries should be repaired during surgical treatment [5] .
Neurological state, hemodynamic and respiratory status at hospital admission, type of penetrating object, pupil size, and reactivity, as well as the CT findings, all these factors will affect the prognosis so they should be evaluated carefully before the decision of the line of management. Intracranial infection, CSF leak and recurrent attacks of convulsions are the most common complications [6] .
Our goal in this study to report cases with non-missile penetrating head injuries and evaluate the possible predictive factors in a series of 18 patients sustaining penetrating head injuries, admitted to our hospital over a period of 2 years, to be used as a guide for the surgical management.
Patients and methods
With the approval of the Ethics Committee, 18 patients treated by the Neurosurgery Department of Sohag University Hospital diagnosed with non-missile, penetrating brain injuries from November 2012 to October 2014. Data were collected and recorded including the following information: age, gender, Glasgow coma score (GCS) on admission, type of penetrating object, the affected brain region, modality of treatment, and outcome. All patients presented for complete neurological examination will have a full radiological study.
Surgical procedure
In a well-equipped operative theater and under general anesthesia with intra-arterial blood pressure monitoring, Fig. 1 A 33-year-old male patient came to the emergency department with penetrating head trauma with a knife. The knife blade was left in the skull and brain tissue, GCS was 15, and no neurological deficit. The patient is on the operating table before and after anesthesia the patient is positioned according to the site of the penetrating object. The skin flap was elevated according to the site and the shape of the penetrating object. We performed a bone flap around the entry point of the penetrating object; these fragments were removed with debridement of necrotic brain tissue in five patients (Figs. 1, 2, 3, 4, 5, 6, 7, 8, and 9). The dura should be explored well for any missing tear to avoid CSF leak and decrease the risk of infection. If there is a simple dural tear, the primary repair was done in two cases; however, in 11 cases with large gaps between the dural edges or a large tear extending to the base, duraplasty was performed using pericranium graft.
All our patients received the same standard medication protocol that includes a post-operative ICU admission with broad-spectrum antibiotics for 14 days post-operatively, together with a prophylactic anticonvulsant therapy, analgesic agents, and dehydrating measures if needed. CT scans for all patients were done immediately postoperative and 3 months later. Patients suffering from neurological impairment (five patients) following surgery underwent rehabilitation. All patients have to be followed up by periodic neurological examination and CT brain if needed every 3 months after discharge.
Results
More than two thirds (72.2%) of our patients were males, and the remaining five cases (27.8%) were females (Fig. 10) ; the mean patient age was 17.3 years range from 4 to 39 years. The commonest age group was the second a b c Fig. 3 A female patient, 27 years old, thrown with a car key, came to the emergency department and was fully conscious with neurological deficit. a The patient is on the operating table. b X-ray image and c CT scan of the same patient Fig. 4 A female patient, 25 years old, was presented to the emergency department with an implanted hairpin, and she was fully conscious with no neurological deficit. a Implanted hairpin. b CT scan 3D of the same patient decade (from 10-20 years) which is presented in nine patients while the least group was above 40 years by one patient (Fig. 11 ). Eleven patients were assaulted while seven patients injured accidentally. Physical and radiological examination showed that the frontal lobe was the most common site of injury, found in 14 patients (77.8%) followed by the temporal and parietal lobes (three patients), whereas fronto-parieto-occipital penetrating injury was seen in one patient (5%) (Fig. 12) . It was found that the frontal injury carries the best conscious level while patients with temporal or parietal injuries are associated with deterioration in the consciousness level or neurological deficits.
GCS scores at admission ranged from 3 to 8 in five patients and 8 to 15 in 13 patients, with a mean of 9.17 ± 3.47. Thirteen patients in our series show a dural tear, and it was simply repaired in two cases while 11 cases repaired with a pericranium graft. Seven cases associated with underlying small intracerebral hematoma which had been evacuated. Ventricular injury was observed in three cases. Table 1 summarizes these data. Five patients were managed with debridement of necrotic tissues and retained parts in five patients while two cases were managed by primary closure. Debridement with duraplasty was performed in 11 patients.
The most common complication was infection, which was observed in six patients. The infection was either systemic infection in two cases or local wound infection in four cases, which need long-term broad-spectrum antibiotics regimen. Other surgical complications included posttraumatic fits in six patients, neurological deficit in the form of hemiparesis in three patients and monoparesis in two patients, intracranial hematomas in three patients, and hydrocephalus in one patient who needed insertion of a ventriculoperitoneal shunt as shown in Table 2 .
Regarding the causative tool, knives were found in ten patients, while nails were the cause in four cases, then iron rod in two cases followed by a key and hair pin in one case for each (Table 3) .
In this study, the mortality rate among the patients was 16.7% (n = 3), and primary brain damage with intraventricular hemorrhage was the cause of death. The three dead patients were presented with GCS 4. The mean follow-up period for all patients was 20 months (range, 16 to 28). Patients with a neurological deficit 
Discussion
The majority of our cases was in the second decade and during the fight which is consistent with Izci et al. [7] . TBI is classified according to the extent of brain injury into mild, moderate, or severe. A low Glasgow coma score (GCS) score at admission is usually correlated with severe TBI, the outcome of which is variable from mild cases with complete recovery to major permanent disability or even death. Mild and moderate TBI may also cause a group of temporary or permanent physical, cognitive, emotional, and social problems [8, 9] . Optimum management of penetrating brain injury needs sufficient understanding of the mechanism and pathophysiology of injury. Computed tomography scanning considered as the neuroradiological modality of choice for penetrating brain injuries. Cerebral angiography is recommended in patients when penetrating brain injuries carry a high suspicion of vascular injury [10] . The recent trend now in management of penetrating brain injuries is toward a minimal invasive and a less aggressive surgical debridement of deeply seated bone and metal fragments. With a shift toward the conservative line by aggressive antibiotic prophylaxis to guard against intracranial infection and use of anticonvulsants drugs due to the high risk of post-traumatic in these patients. Surgery will be recommended in patients with cerebrospinal fluid (CSF) leaks those which do not close spontaneously or are refractory to CSF diversion through a ventricular or lumbar drain [10] .
When there is a significant mass effect either in the form of necrotic brain tissue or intracranial hematoma, surgery should be performed. Necrotic brain tissues should be debrided and removal of safely accessible bone fragments should be done. Intracranial hematomas should be evacuated [11] [12] [13] . It was found that the routine surgical removal of bone fragments lodged deep in the brain in a far distance from the entry site especially in the eloquent areas of the brain is not recommended. Although theoretically the removal of these foreign bodies from the eloquent cortex may decrease the risk of posttraumatic convulsions, it has been found that it may worsen the outcomes with possibly higher morbidity, and a conservative approach in those cases has been recommended [11] [12] [13] [14] .
Surgical treatment should be performed within the first 12 h from the time of injury to decrease the risk of infectious complications [13, 15] . Surgical incision is preferred to be done in the site of injury and is related to the area that requires debridement. When an air sinus has been injured or violated in the route of the non- missile, a water tight closure of the dura should be performed aiming to decrease the risk of abscess formation and CSF fistulas [15, 16] . Infectious complications after PBI are not uncommon, and they are associated with higher rates of morbidity and mortality, due to the contamination of foreign objects, hair, skin, and bone fragments which can be driven into the brain tissue along the pathway of the causative tool [3, 17, 18] . One case was reported with hydrocephalus which is the same in another study [19, 20, 7] .
The infectious complications which are the most common among the penetrating brain injuries include local wound infections, meningitis, ventriculitis, or cerebral abscess. The presence of cerebrospinal fluid leaks, air sinus wounds, transventricular injuries, or injuries crossing the midline will harbor the infectious complications [3, 17, 18] . Associated intraventricular hemorrhage was reported in 16.7% (three cases), while in another study was 55% [7] . Another complication associated with craniocerebral penetrating brain injuries is posttraumatic epilepsy, which reflects the extent of brain damage and is positively correlated with com [21] . Incidence of seizures can be increased with the extent of brain damage and can reach 30-50% of patients suffering a PBI. ln 10% of patients, seizures appeared early (first 7 days after the trauma), and 80% during the first 2 years, while about 10% may not have their first seizure until 5 or more years after injury. So the recent trend now is towards the recommended use of prophylactic anticonvulsants from the first week after penetrating brain injuries although the initial studies did not confirm the beneficial effect of the prophylactic anticonvulsants administration [3, 13, 22, 23] .
In our series, we observed postoperative seizures in six patients and anticonvulsants were administered. Anticonvulsants were discontinued if no seizures were reported after 2 years [24] . All individuals who suffered brain damage received anticonvulsants as part of routine medical treatment [1, 25] . On the other hand, all deaths occurred in our series were related to poor Glasgow coma score at the initial presentation and intraventricular hemorrhage, which correlates with another study [9] , while no deaths occurred in another series [11] .
Penetrating injury by a foreign body (rod stuck, knives, keys, axe) can result in a significant accumulation of intraventricular blood. This type of damage is associated with particularly poor prognosis. Penetrating brain injuries involving the ventricular system are more susceptible to intracranial sepsis because the disturbance of CSF flow dynamics makes them prone to CSF leakage and then infection. The highest mortality was in the posterior fossa and brain stem injuries while there was low mortality in frontal injuries [4, 7, 9] .
Conclusion
Strong antibiotics umbrella is crucial in PBI as it reduce the incidence of infection. With deeply seated fragments, no need for extraction. Prognosis in non-missile penetrating head injuries is generally favorable if the initial Glasgow coma score was normal. There is a strong correlation between the level of consciousness and intraventricular hemorrhage from one side and the outcome from the other side.
Moreover, CT brain is a cornerstone diagnostic tool in PBI. Further studies with higher number registry should be performed on penetrating brain injuries. 
